At HASYLAB, Beamline L a vacuum chamber for SR-TXRF analysis is now available which can easily be installed using the adjustment components for microanalysis present at this beamline. The detector is now in the final version a VORTEX Silicon Drift Detector (SDD) with 50 mm 2 active area from Radiant Detector Technologies. With the Ni/C multilayer monochromator set to 17 keV extrapolated detection limits of 8 fg were obtained using the 50 mm 2 SDD with 1000 s live time on a sample containing 100 pg of Ni. Various applications are presented, especially of samples which are available in very small amounts: As SR-TXRF is much more sensitive than tube excited TXRF the sampling time of aerosol samples can be diminished resulting in a more precise time resolution of atmospheric events. Aerosols, directly sampled on Si reflectors in an impactor were investigated. A further application was the determination of contamination elements in a slurry of high purity Al 2 O 3 . No digestion is required, the sample is pipetted and dried before analysis. A comparison with laboratory TXRF showed the higher sensitivity of SR-TXRF, more contamination elements could be detected. Using the Si111 crystal monochromator also available at beamline L, XANES measurements to determine the chemical state were performed. This is only possible with lower sensitivity as the flux transmitted by the crystal monochromator is about a factor of 100 lower than that transmitted by the multilayer monochromator. Preliminary results of XANES measurements for As in xylem sap from cucumber plants fed with AsIII and AsV are reported. Detection limits of 170 ppt of As in xylem sap were achieved. KEYWORD: SRTXRF, synchrotron radiation, XANES, aerosols,
INTRODUCTION
As the outstanding features of synchrotron radiation such as high flux, continuous energy spectrum, natural collimation, linear polarization are perfect prerequisites for TXRF, Synchrotron Radiation induced Total Reflection X-ray Fluorescence Analysis (SR-TXRF) allows the determination of ultra trace elements in various kinds of samples from the environment, medicine and (semiconductor-) industry [1, 2] at concentration levels below ng/g. As only a few µl or some ng of sample are required SR-TXRF is especially suitable for samples where only small amounts (volumes) are available. Using a multilayer for monochromatization, detection limits in the low fg range can be achieved for medium Z elements [3] . The simple quantification procedure for all elements present referring to an internal standard is another advantage of TXRF.
A vacuum chamber SR-TXRF setup has been installed at HASYLAB, DESY, Hamburg, beamline L-a bending magnet beamline [4] . This setup uses the translation and rotation stages of the regular microfocus setup available at this beamline for adjustment of total The samples prepared on Si wafers showed lower background than these prepared on quartz reflectors as can be seen from the spectrum in Fig. 2 . Tab. 1 shows the net counts obtained, background counts, detection limits and sensitivity. Data evaluation was performed using AXIL [7] : The discrepancy in the sensitivity is a result of the drying process and variations in the dry sample shape; for that reason an internal standard is always required for the quantification process.
RESULTS:
To investigate the applicability of various sample systems were studied, among aerosols, ultra pure alumina and xylem sap.
Aerosols:
To understand the effect of aerosols on global climate, a detailed understanding of the sources, transport, fate and of the physical and chemical properties of atmospheric particles is necessary. To satisfy this demand, a procedure that provides a size resolution of particles and short sampling times is essential, but these results in very low absolute amounts of collected sample material. This in turn demands highly sensitive detection methods. To optimise sampling and measurements, a procedure that uses the aerosol collector plates of a 12-stage Berner impactor directly as sample carriers for SR-TXRF was developed. Siwafers were chosen as material for these plates. The sensitivity increases remarkably with SR-TXRF compared to a laboratory TXRF instrument using a conventional X-ray tube.
This is illustrated by the spectra of atmospheric aerosol particles in the size range of 1-4
µm (aerodynamic particle size) sampled as described above for 1 h (at 80 m height, Hamburg) shown in Fig. 3 . Instead of 6 elements detected with a conventional TXRF Publi-SRTXRFV3_2.doc equipment (Atomika TXRF 8030C) (Fig. 3 a) , 12 elements could be detected with the SR-TXRF vacuum chamber (Fig. 3 b) . Fig. 4 shows a spectrum of sample from Impactor stage 1: particle diameter smaller than 60 nm, 1 h sampling with excitation energy of 17 keV, 100 s counting time showing a significant Pb contribution. Improvement in calibration and accuracy in SR-TXRF will be most challenging, as the Berner impactor produces single spots on a sampling stage.
Ultra pure alumina.
Al 2 O 3 is the most important ceramic-oxide material. Global markets for calcined and tabular alumina have been estimated at around 2 million and 300,000 tons per year, respectively. Ultra pure alumina for example is strongly asked in the area of high performance lighting technology. High pressure sodium (HPS) lamps illuminate the night.
As synthetic rubies and yttrium-alumina-garnets (YAG) it is widely used in laser however is limited by the inhomogeneity of the samples, which was found to be problematic for analyses with micro amounts.
Arsenic speciation in xylem sap
The toxicity of arsenic differs considerably as a function of the oxidation state and chemical form. Inorganic As species such as arsenite [As(III)] and arsenate [As(V)] are more toxic than organic ones such as monomethyl arsenic (MMA) and dimethyl arsenic (DMA) acids. The LD50 (The LD50 is a standardized measure for expressing and comparing the toxicity of chemicals. The LD50 is the dose that kills half (50%) of the animals tested ) for humans expressed in mg/kg for As(III), As(V), MMA and DMA are 60, 120, 700 and 1600, respectively. Thus, arsenate is less toxic than arsenite. However, plants may have the capability to change the oxidation state of arsenic, therefore, this issue should be investigated. Experiments have been performed by growing cucumber plants in hydroponics containing As(III) or As(V) as nutrient solutions and to determine the arsenic concentration of the collected xylem saps by SR-TXRF. The As concentration (expected to be in the ppb range) should be determined as well as the oxidation state in different plant parts. The big advantage of SR-TXRF is that the xylem can be directly measured without any sample preparation which could influence the oxidation state and that only small amount of xylem is required for the analysis. Fig. 6 shows XANES spectra from xylem sap, one from a plant feeded with AsIII and one from a plant feeded with AsV. The xylem sap was pipetted directly on a quartz reflector. For comparison, a standard of DMA (dimethylarsenic) was measured. As for this experiment no precise energy calibration was available it was not possible to determine wether it is AsIII or AsV. It could be shown that the oxidation state is the same for both plants. It corresponds to the results of Mihucz et. al [9] . Fig. 7 shows spectrum of xylem sap with an As concentration of about 13 ppb. A 25 µm Al detector filter had to be used to reduce the countrate of K and Ca. Detection limits for 30 s: 170 ppb As.
So it was possible to show without any sample preparation that speciation on xylem sap is possible resulting in the finding that the oxidation state of As found in xylem sap is independent from the oxidation state of As in the nutrient solution.
CONCLUSIONS:
A SR-TXRF setup with a vacuum chamber is now available at HASYLAB, Beamline L for all users. This setup is equipped with a 50 mm 2 Figures: Fig. 1 Spectrum of a sample containing 100 pg of Ni on a Si wafer as sample reflector excited with 17 keV using the multilayer monochromator, livetime : 60 s, the detection limit was found to be 8 fg, with a sensitivity of 34000 cps/ng/100 mA. Spectrum of an aerosol sample sampled on a Si wafer at impactor stage 1, which corresponds to particles with a aerodynamic diameter smaller than 60 nm. 1 h sampling, excitation energy:17 keV using the multilayer monochromator, 100s measuring time. 
